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Environment & Resources DTU, Building 115, Technical University of Denmark, 2800 Kgs. 
Lyngby, Denmark 
 
Disposal and handling of sewage sludge are an increasing problem in the world due to the increasing 
quantities of sewage sludge produced. From an ecological and economic point of view, the aim of 
modern sewage sludge treatment must be a safe use of all resources. One primary disposal route, with 
beneficial reuse of organic nitrogen, carbon, and phosphorous is reuse as agricultural conditioner.  
However is important to remove micro-pollutants from the sludge before application to soil. 
Contaminated soils can loose their function as buffer for pollutants and eventually the subsoil 
environment and groundwater will be contaminated.  The objective of this research is to optimize 
biodegradability of xenobiotic compounds in anaerobic continuously stirred tank reactors (CSTR) 
treating sewage sludge from wastewater treatment plants. Two different reactor configurations, 
temperatures and various hydraulic retention time (HRT) were applied to find the optimal condition.  
 
Methodology: A one- and two-stage anaerobic reactor systems consisting of CSTR reactors were set-
up and operated under mesophilic (35°C) conditions. The active volume of the one-stage reactor was 
3. 0 liter and the active volume of the two stage reactors was 0.6 liter and 2.4 liter respectively. The 
HRT of the reactors were 15 days for the one-stage reactor and 3 days and 12 days respectively for 
the two rectors in the two-stage system.  Another one-stage CSTR reactor systems were set-up under 
thermophilic conditions (55°C) and operated at HRT 15 days with and an active volume of 1.5 liter. 
The digesters were fed with primary sludge from Lynetten wastewater treatment plant (Copenhagen, 
Denmark). 
 
Results and Discussion: The xenobiotic compounds were analyzed in the influent and effluent of the 
one-stage and two-stage reactor systems.  Based on mass flow, indications of degradation could be 
seen for, naphthalene, 1- and 2-methylnaphthalene and di-butyl phthalate in all reactors showing that 
this is a common ability. Further indications of antracene removal were seen in the 3.0 l one-step 
mesophilic reactor and of acenapthene in the one-stage thermophilic reactor. This shows that the 
ability of degradation are specific and do not generally include higher molecular PAH and diethyl 
hexyl phthalate (DEHP). A detailed analysis was made for the two-stage reactor system of four 
different congeners of LAS. It was seen that all four congeners of LAS was present. No LAS was 
transformed in the anaerobic reactor system. Calculating the xenobiotic compounds based on kg dry 
weight an increase in the concentration was seen. This is due to that the dry weight was reduced 
between 40 and 70 % during the whole period. In another experiment the effect of the HRT from 15-
45 was investigated and no increased degradation were found.  
 
Conclusion: Efficient removal of xenobiotic compounds is a prerequisite for recycling sewage sludge 
into the natural resource cycle. Anaerobic removal of xenobiotics is far more convenient than other, 
specialised systems.  These experiments indicate that the ability for degradation of higher molecular 
of PAH, DEHP and LAS is not abilities normally present in the sewage sludge. Further they show 
that there will be no significant effect between implementing a one-stage or a two-stage anaerobic 
reactor system, increasing the temperature, or HRT in the existing one step anaerobic reactor system. 
Other systems may provide the necessary degradation of xenobiotic compounds such systems 
including bioaugmentation or physio-chemical treatment.  
